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ARRANGEMENT AND METHOD FOR FABRICATING 
A SEMICONDUCTOR WAFER 

Technical Field of the Invention 

The present invention relates generally to an arrangement and method for 
fabricating a semiconductor wafer, and more particularly to an arrangement and 
method for fabricating a semiconductor wafer which utilizes a nonaqueous 
solvent rinse. 

Background of the Invention 

Semiconductor integrated circuit devices are typically fabricated by a 
layering process in which several layers of material (e.g. a dielectric and a metal 
such as copper) are fabricated (i) on a surface of a semiconductor wafer, or (ii) 
on a surface of a previous layer. This fabrication process very often requires 
layers to be fabricated upon a smooth, planar surface of a previous layer. 
However, the surface topography of layers may be highly uneven due to (i) areas 
which are higher than the remainder of the surface or (ii) an uneven topography 
of an underlying layer. As a result, a layer may need to be polished so as to 
present a smooth planar surface for the next processing step, such as formation 
of a conductor layer or pattern on the surface of another layer. 

In general, a semiconductor wafer may be polished to remove high 
topography and surface defects such as crystal lattice damage, scratches, 
roughness, or embedded particles of dirt or dust. The polishing process typically 
is accomplished with a polishing system that includes top and bottom platens 


(e.g. a polishing table and a wafer carrier or holder), between which the 
semiconductor wafer is positioned. The platens are moved relative to each other 
thereby causing material to be removed from the surface of the semiconductor 
wafer to a desired end point. This polishing process is often referred to as 
mechanical planarization (MP) and is utilized to improve the quality and reliability 
of semiconductor devices. The polishing process may also involve the 
introduction of a chemical slurry which may chemically react with the surface of 
the semiconductor wafer so as to facilitate higher removal rates of materials 
fabricated upon the semiconductor wafer. This polishing process is often 
referred to as chemical mechanical planarization or chemical mechanical 
polishing (CMP). 

Once the CMP is completed the wafer surface is rinsed with an aqueous 
solution in an attempt to wash away material left there by the CMP process (e.g. 
slurry residue and/or other reaction products). Subsequent to the rinse, the 
semiconductor wafer surface is also scrubbed with a brush in the presence of 
water in an attempt to further remove any material left there by the CMP process 
which is trapped in tiny crevices or channels defined in the surface of the wafer. 
Once the rinse and scrub procedures are completed the deposition of an 
additional material onto the polished surface of the semiconductor wafer can 
take place. The above described procedure is then repeated until the desired 
multi-layer structure is obtained. 

A drawback to the above described fabrication procedure is that the 
rinsing and brushing procedures can fail to remove a sufficient amount of the 


material left on the surface of the semiconductor wafer by the CMP process. 
Failing to remove a sufficient amount of the material left on the surface of the 
semiconductor wafer by the CMP process can result in yield and/or reliability 
problems for thereafter fabricated semiconductor integrated circuit devices. 

Thus, a continuing need exists for an arrangement and method which 
efficiently removes CMP residue and/or other reaction products from a surface of 
a semiconductor wafer. 

Summary of the Invention 

In accordance with one embodiment of the present invention, there is 
provided a method of fabricating a semiconductor wafer. The method includes 
(a) polishing a semiconductor wafer with a polishing pad and (b) disposing a 
volume of a nonaqueous solvent onto the semiconductor wafer. 

In accordance with another embodiment of the present invention, there is 
provided a method of fabricating a semiconductor wafer. The method includes 
(a) subjecting a front side of the semiconductor wafer to chemical mechanical 
polishing and (b) disposing a volume of a nonaqueous solvent onto the front side 
of the semiconductor wafer. 

In accordance with yet another embodiment of the present invention, 
there is provided an arrangement for fabricating a semiconductor wafer. The 
arrangement includes (i) a polishing pad positioned in contact with a side of the 
semiconductor wafer, (ii) a chemical slurry system for storing an aqueous slurry, 
the chemical slurry system being operatively coupled to the semiconductor wafer 


so that the chemical slurry system can dispose a volume of the aqueous slurry 
onto the side of the semiconductor wafer, and (iii) a nonaqueous solvent storage 
system for storing a nonaqueous solvent, the nonaqueous solvent storage 
system being operatively coupled to the semiconductor wafer so that the 
nonaqueous solvent storage system can dispose a volume of the nonaqueous 
solvent onto the side of the semiconductor wafer. 

It is an object of the present invention to provide a new and useful 
arrangement and method of fabricating a semiconductor wafer. 

It is another object of the present invention to provide an improved 
arrangement and method of fabricating a semiconductor wafer. 

It is a further object of the present invention to provide an arrangement 
and method of fabricating a semiconductor wafer which enhances the selective 
removal of residue and reaction products generated by a CMP process from a 
semiconductor wafer surface. 

The above and other objects, features, and advantages of the present 
invention will become apparent from the following description and the attached 
drawings. 

Brief Description of the Drawings 

FIG. 1 shows a schematic representation of a CMP arrangement of the 
present invention; and 

FIG. 2 shows a schematic representation of an alternative CMP 
arrangement of the present invention. 


Detailed Description of a Preferred Embodiment 

While the invention is susceptible to various modifications and alternative 

forms, a specific embodiment thereof has been shown by way of example in the 
drawings and will herein be described in detail. It should be understood, 
however, that there is no intent to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all modifications, 
equivalents, and alternatives falling within the spirit and scope of the invention as 
defined by the appended claims. 

As discussed above, fabrication of semiconductor integrated circuit 
devices can include (i) layering a material on a surface of a semiconductor wafer, 
(ii) subjecting the surface of the semiconductor wafer to CMP so as to polish or 
planarize the surface of the semiconductor wafer, (iii) rinsing the surface of the 
semiconductor wafer, (iv) scrubbing the surface of the semiconductor wafer, and 
(v) laying additional material on the polished surface of the semiconductor wafer. 
With respect to subjecting the semiconductor wafer to CMP, an exemplary CMP 
arrangement 10 which can be utilized in the present invention is schematically 
illustrated in FIG. 1. In particular, CMP arrangement 10 includes a platen motor 
or other drive mechanism 12 and a platen assembly 14. The platen motor 12 
rotates the platen assembly 14 about a center axis 16. The platen motor 12 may 
rotate the platen assembly 14 in a clockwise direction (as shown by arrow 18 of 
FIG. 1) or in the counterclockwise direction. 

The platen assembly 14 includes a polishing platen 20 and a polishing 
pad 22 mounted on the polishing platen 20. Both the polishing platen 20 and the 
polishing pad 22 are preferably circular and collectively define a polishing area or 


surface against which a front side 24 of a semiconductor wafer 26 may be 
polished. Moreover, the polishing pad 22 is typically made of blown 
polyurethane which protects the polishing platen 20 from chemical slurry and 
other chemicals introduced during the polishing process. 

The CMP arrangement 10 also includes a polishing head assembly 28. 
The polishing head assembly 28 includes a wafer carrier 30, a cooling 
mechanism 32, a wafer carrier motor or other drive mechanism 34, and a wafer 
carrier displacement mechanism 36. The wafer carrier 30 applies a controlled, 
adjustable force in the general direction of arrow 38 in order to press the front 
side 24 of the semiconductor wafer 26 into contact with the polishing pad 22 so 
as to facilitate polishing of the front side 24 of the semiconductor wafer 26. 

The wafer carrier motor 34 rotates the wafer carrier 30 and the 
semiconductor wafer 26 about a center axis 40. The wafer carrier motor 34 may 
rotate the wafer carrier 30 in a clockwise direction (as shown by arrow 42 of FIG. 
1) or in the counterclockwise direction. However, the wafer carrier motor 34 
preferably rotates the wafer carrier 30 in the same rotational direction as the 
platen motor 12 rotates the platen assembly 14 (although the wafer carrier motor 
34 may rotate the semiconductor wafer 26 in the rotational direction opposite the 
rotational direction of the platen assembly 14 as desired). 

The wafer carrier 30 also includes mechanisms (not shown) for holding 
the semiconductor wafer 26. For example, the wafer carrier 30 may include a 
vacuum-type mechanism which generates a vacuum force that draws the 
semiconductor wafer 26 against the wafer carrier 30. Once the semiconductor 


wafer 26 is positioned on the wafer carrier 30 and held in contact with the platen 
assembly 14 for polishing, the vacuum force may be removed. In such an 
arrangement, the wafer carrier 30 may be designed with a friction surface or a 
carrier pad which engages a back side 44 of the semiconductor wafer 26. Such 
s a carrier pad, along with the force being applied in the general direction of arrow 
38, creates a frictional force between the wafer carrier 30 and the semiconductor 
wafer 26 that effectively holds the semiconductor wafer 26 against the wafer 
carrier 30 thereby causing the semiconductor wafer 26 to rotate at the same 

S velocity as the wafer carrier 30. It should be appreciated that such wafer carriers 

*y ■ 

|f 10 and carrier pads are of conventional design and are commercially available. 
r]f The cooling mechanism 32 counteracts heat generated during the 

Ji polishing process in order to maintain the wafer carrier 30 at a substantially 
D constant temperature. In particular, the cooling mechanism 32 neutralizes the 
W heat generated due to friction and a chemical slurry reacting with the front side 
p is 24 of the semiconductor wafer 26. 

The displacement mechanism 36 selectively moves the wafer carrier 30 
and hence the semiconductor wafer 26 across the platen assembly 14 in the 
general direction of arrows 46 and 48. Such movement defines a polishing path 
which may be linear, sinusoidal, or a variety of other patterns. The wafer carrier 
20 displacement mechanism 36 is also capable of moving the semiconductor wafer 
26 along a polishing path to a location beyond the edge of the polishing pad 22 
so that the semiconductor wafer 26 "overhangs" the edge. Such an overhanging 
arrangement permits the semiconductor wafer 26 to be moved partially on and 
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partially off the polishing pad 22 to compensate for polishing irregularities caused 
by a relative velocity differential between the faster moving outer portions and 
the slower moving inner portions of the platen assembly 14. 

The CMP arrangement 10 also includes a chemical slurry system 50. The 
5 slurry system 50 includes a slurry storage reservoir 52, a slurry flow control 
mechanism 54, and a slurry conduit 56. The slurry storage reservoir 52 includes 
one or more containers for storing slurry. In particular, the slurry storage 
reservoir 52 contains aqueous chemical slurry that includes abrasive material 

J? which facilitates polishing of the front side 24 of the semiconductor wafer 26. 

i 10 Chemical slurries having such properties are well known and commercially 

fl available. 

P The slurry flow control mechanism 54 controls the flow of slurry from the 

D slurry storage 52, through the slurry conduit 56, and onto the polishing area atop 

the platen assembly 14. Hence, the slurry flow control mechanism 54 and the 
15 slurry conduit 56 selectively introduce a flow of slurry (as indicated by arrow 58) 
atop the polishing pad 22. 

The CMP arrangement 10 also includes a nonaqueous solvent storage 
system 72. Similar to the chemical slurry system 50, the nonaqueous solvent 
storage system 72 includes a nonaqueous solvent flow control mechanism, and 
20 a nonaqueous solvent conduit 74. The a nonaqueous solvent storage system 72 
can include one or more containers for storing nonaqueous solvents. In 
particular, the nonaqueous solvent storage system 72 can contain one or more 
nonaqueous solvents which are mixed or contained in separate containers. 


-8- 


What is meant herein by nonaqueous solvent is a solvent which is substantially 
free of water. For example, a nonaqueous solvent is a solvent in which the 
weight percentage of water in the solvent is less than or equal to a deminimis 
amount which would normally occur in a solvent as a result of the solvent being 
exposed to its ambient surroundings during processing, transportation, and use 
thereof. It should be understood that the nonaqueous solvents which are utilized 
in the present invention are substances which possess chemical characteristics 
such that they are capable of dissolving the well known residue and reaction 
products generated by the CMP process (e.g. oxidized copper, oxidized Ta, and 
copper-BTA complexes) while leaving the dielectric and underlying metal on the 
semiconductor wafer surface intact (i.e. the dielectric and underlying unoxidized 
metal are not dissolved by the nonaqueous solvent). 

Nonaqueous solvents which can be utilized in the present invention 
include organic solvents, such as, alcohols, hydrocarbons, or halogenated 
hydrocarbons. However, it should be understood that inorganic nonaqueous 
solvents can also be employed in the present invention. Specific nonaqueous 
solvents which can be used in the present invention include dimethylsulfoxide 
(DMSO), Nnpropanalamide, analine, N,N-dimethlyanaline, and ammines. 
Preferably, the nonaqueous solvent utilized in the present invention is polar 
rather than nonpolar. 

The CMP arrangement further includes an extraction flow control 
mechanism 70 having an extraction conduit 78. Extraction flow control 
mechanism 70 removes effluent from the polishing area atop the platen 


assembly 14. The effluent removed by extraction flow control mechanism 70 is 
then advanced to a storage area (not shown). 

The CMP arrangement 10 also includes a controller 60 for controlling the 
CMP arrangement 10 in order to effectuate the desired polishing results for the 
semiconductor wafer 26. In particular, the controller 60 is electrically coupled to 
the displacement mechanism 36 via a signal line 62 to monitor and controllably 
adjust the polishing path of the semiconductor wafer 26 and the speed at which 
the semiconductor wafer 26 is moved across the platen assembly 14. 

Moreover, the controller 60 is electrically coupled to the platen motor 12 
via a signal line 64 in order to monitor the output speed of the platen motor 12 
and hence the rotational velocity of the platen assembly 14. The controller 60 
adjusts the output speed of the platen motor 12 and hence the rotational velocity 
of the platen assembly 14 as required by predetermined operating parameters. 

The controller 60 is electrically coupled to the slurry flow control 
mechanism 54 via a signal line 66 in order to monitor the flow rate of the 
aqueous chemical slurry onto the polishing pad 22 of the platen assembly 14. 
The controller 60 adjusts the flow rate of the chemical slurry onto the polishing 
pad 22 of the platen assembly 14 as required by predetermined operating 
parameters. 

The controller 60 is electrically coupled to the nonaqueous solvent storage 
system 72 and nonaqueous solvent flow control mechanism via a signal line 76 
in order to monitor the flow rate of the nonaqueous solvent onto the polishing 
pad 22 of the platen assembly 14. The controller 60 adjusts the flow rate of the 
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nonaqueous solvent onto the polishing pad 22 of the platen assembly 14 as 
required by predetermined operating parameters. It should be understood that 
advancing the nonaqueous solvent onto the polishing pad 22 also brings the 
nonaqueous in contact with front side 24 of semiconductor wafer 26. 

The controller 60 is also electrically coupled to the wafer carrier motor 34 
via a signal line 68 in order to monitor the output speed of the wafer carrier motor 
34 and hence the rotational velocity of the wafer carrier 30. The controller 60 
adjusts the output speed of the wafer carrier motor 34 and hence the rotational 
velocity of the wafer carrier 30 as required by predetermined operating 
parameters. 

The controller 60 is further electrically coupled to the extraction flow 
control mechanism 70 via a signal line 80 in order to monitor the extraction of 
effluent from the polishing area atop the platen assembly 14. 

In operation, the CMP arrangement 10 polishes the semiconductor wafer 
26 in order to planarize the front side 24 thereof. In particular the CMP 
arrangement 10 removes material from the front side 24 of the semiconductor 
wafer 10, until the wafer 26 is polished down to a desired polishing endpoint. 
More specifically, the wafer carrier 30 engages the back side 44 of the 
semiconductor wafer 26 and presses the front side 24 of the semiconductor 
wafer 26 against the polishing pad 22. The controller 60 then causes the platen 
motor 12 to rotate the platen assembly 14 and the wafer carrier motor 34 to 
rotate the wafer carriers 30. The controller 60 may also begin to control the 
displacement mechanism 36 so as to move the wafer carrier 30 along a 


predetermined polishing path. The slurry flow control mechanism 54 is also 
controlled by the controller 60 in order to apply aqueous chemical slurry to the 
polishing pad 22 at a predetermined flow rate. In addition, the controller 60 
causes the extraction flow control mechanism 70 to extract effluent from the 
polishing area of the platen assembly 14 at a predetermined flow rate. The 
resulting complex movement of the wafer carrier 30 relative to the polishing pad 
22, the force being applied to the semiconductor wafer 26 in the general 
direction of arrow 38 of FIG. 1, and the aqueous chemical slurry all cooperate to 
selectively remove material from the front side 24 of the semiconductor wafer 26 
until a predetermined end point is achieved, i.e. an appropriate amount of 
material has been removed from the front side 24 of semiconductor wafer 26. 

Once the aforementioned predetermined endpoint has been reached, 
controller 60 causes the semiconductor wafer 26 to be rinsed with the 
nonaqueous solvent. In particular, controller 60 causes slurry flow control 
mechanism 54 to stop applying aqueous chemical slurry to the polishing pad 22. 
In addition, if desired, controller 60 stops the relative movement between 
polishing pad 22 and semiconductor wafer 26. Furthermore, if desired, controller 
60 may cause wafer carrier 30 to decrease the force applied in the general 
direction of arrow 38 so as to facilitate the advancement of the nonaqueous 
solvent into contact with the front side 24 of semiconductor wafer 26. Controller 
60 then causes nonaqueous solvent storage system 72 to advance a volume of 
the nonaqueous solvent through nonaqueous solvent conduit 74 and onto the 
polishing area atop the platen assembly 14. The volume of nonaqueous solvent 
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advanced onto the polishing area atop the platen assembly 14 should be 
sufficient such that front side 24 of semiconductor wafer 26 is rinsed or bathed in 
the nonaqueous solvent thereby dissolving and selectively removing the residue 
and reaction products generated by the CMP process from the semiconductor 
5 wafer 26. 

Once semiconductor wafer 26 is rinsed by the nonaqueous solvent in the 
above described manner, the semiconductor wafer 26 can proceed and be 
subjected to other steps in the fabrication process, for example scrubbing and 
the layering of additional material onto semiconductor wafer 26. 

io Now turning to FIG. 2, there is schematically shown an alternative CMP 

arrangement 82 of the present invention. The structure, operation, and function 
of CMP arrangement 82 is substantially similar to the previously discussed CMP 
arrangement 10, and thus only the differences between CMP arrangement 82 
and CMP arrangement 10 will be discussed herein. In particular, the 

15 nonaqueous solvent storage system 72 and the chemical slurry system 50 of 
CMP arrangement 82 are in fluid communication with a mixing unit 84 rather 
than being coupled to conduits which lead directly to the polishing area atop the 
platen assembly 14. Specifically, nonaqueous solvent storage system 72 and 
chemical slurry system 50 are in fluid communication with the mixing unit 84 via 

20 conduits 86 and 88, respectively, and mixing unit 84 is coupled to a conduit 90 
which leads to the polishing area. 

The operation of CMP arrangement 82 is substantially similar to that 
described above for CMP arrangement 10, with the exception that rather than 
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dispose an aqueous chemical slurry onto the polishing area via slurry conduit 56 
followed by a nonaqueous solvent rinse being disposed onto the polishing area 
via nonaqueous solvent conduit 74, both the aqueous chemical slurry and the 
nonaqueous solvent are first advanced into mixing unit 84 via conduit 88 and 86, 
respectively. Once located in mixing unit 84, the aqueous chemical slurry and 
the nonaqueous solvent are mixed. The aqueous chemical slurry/nonaqueous 
solvent mixture is then disposed onto the polishing area via conduit 90. 
However, it should be understood that controller 60 controls the amount of 
aqueous chemical slurry and nonaqueous solvent advanced into mixing unit 84 
so that at the beginning of the polishing process only aqueous chemical slurry is 
advanced into mixing unit 84 and thus onto the polishing area, but as the 
polishing process continues, controller 60 gradually increases the amount of the 
nonaqueous solvent and decreases the amount of aqueous chemical slurry 
present in the mixing unit 84 until substantially all of the fluid being disposed onto 
the polishing area is nonaqueous solvent near the end of the polishing process 
(i.e. reaching the desired polishing endpoint). In other words, as the polishing 
process proceeds the weight % of the nonaqueous solvent in the aqueous 
chemical slurry/nonaqueous solvent mixture (i.e. the fluid disposed onto the 
polishing area) increases until substantially all of the fluid being disposed onto 
the polishing area is nonaqueous solvent near the end of the polishing process. 
The timing of disposing substantially pure (i.e. substantially no aqueous chemical 
slurry present) nonaqueous solvent onto the polishing area should be 
synchronized with the polishing process reaching the desired endpoint. For 
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example, it is preferable that the desired polishing end point be reached at the 
same time, or just prior to, disposing substantially pure nonaqueous solvent onto 
the polishing area. Accordingly, the nonaqueous solvent can function to rinse 
the front side 24 of semiconductor wafer 26, thereby dissolving and selectively 
5 removing the residue and reaction products generated by the CMP process from 
the semiconductor wafer 26. 

As previously mentioned, once semiconductor wafer 26 is rinsed by the 
nonaqueous solvent in the above described manner, the semiconductor wafer 26 
can proceed and be subjected to other steps in the fabrication process, for 
10 example scrubbing and the layering of additional material onto semiconductor 
wafer 26. 

It should be appreciated that rinsing a semiconductor wafer in the 
nonaqueous solvent selectively dissolves and removes the residue and reaction 
products generated by the CMP process from the semiconductor wafer surface. 

is In particular, rinsing a semiconductor wafer in the nonaqueous solvent ensures 
that residue generated by a CMP process, such as oxidized copper, is removed 
in regions between conductors defined on the semiconductor wafer while 
unoxidized copper remains in the areas of the semiconductor wafer where it is 
needed. Accordingly, rinsing a semiconductor wafer in the nonaqueous solvent, 

20 thereby selectively dissolving and removing the residue and reaction products 
generated by the CMP process enhances the yield and/or reliability of the 
semiconductor wafer as compared to the process of subjecting a semiconductor 
wafer to an aqueous rinse after a CMP process . 
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While the invention has been illustrated and described in detail in the 
drawings and foregoing description, such illustration and description is to be 
considered as exemplary and not restrictive in character, it being understood that 
only a preferred embodiment has been shown and described and that all 
changes and modifications that come within the spirit of the invention are desired 
to be protected. For example, while the two above described examples disclose 
rinsing the semiconductor wafer with nonaqueous solvent while the 
semiconductor wafer is on the polishing area of the CMP arrangement, it is also 
contemplated that the semiconductor wafer can be completely removed from the 
CMP arrangement and rinsed on a separate rinsing arrangement Furthermore, 
it is contemplated that the mixing of the nonaqueous solvent and the aqueous 
chemical slurry described in reference to FIG. 2 does not have to take place in 
mixing unit 84, but can be mixed by bypassing mixing unit 84 and simultaneously 
disposing both the nonaqueous solvent and the aqueous chemical slurry directly 
onto the polishing area of the CMP arrangement. 


-16- 


